Special considerations for ruminants
All the general principles that apply to any animal that is to be given an anaesthetic apply to ruminants. Most general anaesthetics; and to a lesser extent the sedatives, induce respiratory and cardiovascular depression and remove normal protective reflexes such as coughing and temperature control. It is essential at all times to ensure a clear airway (A for airway), adequate ventilation (B for breathing) and adequate circulation (C for circulation). There are some additional problems in ruminants that are not encountered in simple stomached animals which require consideration when anaesthesia of the sheep or goat is contemplated.
Regurgitation
The rumen cannot be emptied by pre-anaesthetic starvation and large volumes of rumen content may be regurgitated during anaesthesia. Regurgitation is always a possibility during sheep and goat anaesthesia and precautions must be taken to ensure that rumen contents are not aspirated. Pre-anaesthetic starvation for 18 to 24 hours (or overnight, 12 to 18 hours) should reduce the likelihood of regurgitation by reducing the volume of rumen content. Starvation for very much longer than this may result in a higher liquid component and make regurgitation more likely. Endotracheal intubation with a cuffed tube should be regarded as essential whenever general anaesthesia is induced in an adult ruminant. This is a good general rule although it may not be strictly necessary for very short procedures and sometimes when ketamine is used.
Ruminal tympany
Whenever normal erructation is prevented by anaesthesia and recumbency, gas will build up in the rumen inducing bloat. This is a serious problem under general anaesthesia as ruminal distension reduces lung capacity and impairs ventilation. Since respiration is likely to be compromised already by general anaesthesia bloat may be fatal. Pre-anaesthetic starvation reduces the amount of gas produced by fermentation and is 
Intravenous agents
Thiopentone is a short acting barbiturate best given without premedication at 15 mg/kg as a bolus. The trachea should be intubated immediately. If used without premedication regurgitation does not commonly occur during intubation. Acepromazine premedication may allow a slightly lower dose of thiopentone to be used. Apnoea lasting 30 to 60 seconds is common after thiopentone and a few assisted breaths may be required. This dose of thiopentone provides only a few minutes anaesthesia and is suitable for induction before inhalation anaesthesia.
Pentobarbitone is metabolised more rapidly in sheep than in other domestic species, and if used at 20 mg/kg, induction is similar to that with thiopentone. It is best given more slowly than thiopentone. The trachea should be intubated immediately, and conditions are similar to those with thiopentone. Recovery from one dose of pentobarbitone is as rapid as after thiopentone and it can be used in the same way for induction before inhalation anaesthesia. Post induction apnoea is slightly less marked than with thiopentone unless the injection was too rapid. Anaesthesia can be maintained for short periods with incremental pentobarbitone (approximately 2 mg/kg every 5 minutes). The drug is cumulative, however, and recovery will be prolonged if anaesthesia is maintained in this way for long periods (more than 30 to 40 minutes). Some respiratory depression is likely and hypoxaemia should be prevented with supplementary oxygen via the endotracheal tube. Commercially available solutions of pentobarbitone contain propylene glycol, reputed to cause haemolysis in sheep and goats. Solutions should be made up from powder using water or saline and up to 10 per cent ethanol.
Methohexitone is an ultra short-acting barbiturate which may be used in preference to thiopentone because of its shorter recovery. Induction with 4 mg/kg methohexitone is similar to induction with thiopentone, but there is less time for intubation. Anaesthesia can be prolonged with further doses of 50 to 75 mg per minute but recovery from methohexitone alone is associated with twitching or convulsive activity unless sedative premedication has been given. Respiratory depression is similar to that seen with the other barbiturates.
Ketamine has proved popular for sheep and goat anaesthesia and can be used on its own (10 to 15 mg/kg, slowly intravenously), but high muscle tone and trembling makes the effect unpleasant, although analgesia appears to be good. Better results are achieved when ketamine is combined with xylazine or diazepam. Doses of xylazine 200 pig/kg intramuscularly followed after 15 minutes by 10 mg/kg ketamine slowly intravenously produce 40 to 45 minutes of anaesthesia. This involves quite a high dose of xylazine for goats and 0 -1 mg/kg xylazine intramuscularly followed after 10 minutes with 5 mg/kg ketamine intravenously (slowly) may be preferable. This gives 15 to 20 minutes of anaesthesia. Intubation of the trachea is not essential when this technique is used and oxygen can be given by face mask. However, intubation as a precaution against aspiration can easily be performed under xylazine-ketamine anaesthesia and is advisable at least for abdominal surgery where handling the viscera may cause regurgitation or passive reflux. Diazepam 0 5 mg/kg intravenously followed by 4 mg/kg ketamine intravenously results in a shorter period of anaesthesia and is particularly useful for induction before gaseous anaesthesia because of minimal respiratory depression. Xylazine (50 jAg/kg intravenously or 100 j,g/kg intramuscularly) followed by ketamine (5 mg/kg intravenously) is also a good technique for induction and intubation before inhalation anaesthesia.
Saffan has proved to be a safe anaesthetic in sheep and goats both for induction and maintenance of anaesthesia. Doses of 3 mg/kg provide good conditions for intubation and give about 10 minutes anaesthesia. Some respiratory and cardiovascular depression is seen at induction but it is relatively transient and less than with the barbiturates. Saffan has proved useful both for induction prior to inhalation anaesthesia and for maintenance of anaesthesia with infusions of 2 to 2 -5 mg/kg/minute. In both instances recovery is smooth and rapid. Methoxyflurane has been used successfully, but the slower recovery makes it less attractive for ruminants, although it does have the advantage of providing good postoperative analgesia.
Nitrous oxide can be used in sheep and goats but is best avoided in rebreathing circuits unless high flow rates are used or the inspired oxygen concentration can be measured, so that dangerously low concentrations of oxygen are not allowed to develop. Nitrous oxide may also increase ruminal tympany.
Maintenance and monitoring
Monitoring of anaesthesia should be performed as in any other species. Depth of anaesthesia is assessed by attention to vital signs and the response to surgery. The eye may rotate ventrally but this is not a consistent sign and the more classical effects of anaesthesia on the cardiovascular and respiratory systems are a more reliable guide. Temperature should be monitored in long procedures and in newborn animals. More specialised techniques for measuring blood pressure, the electrocardiogram, end tidal carbon dioxide and blood gases can be used to provide additional information in the same way as in other species. Fluid therapy to replace existing deficits, provide daily requirements and make up losses occurring during anaesthesia should be provided as for any other species.
Local anaesthesia
Sheep and goats are ideally suited to local anaesthetic techniques under sedation or manual restraint. Many procedures can be carried out in this way, and there is a wealth of experience available from both clinical and research backgrounds. Lignocaine is the most commonly used of the local anaesthetic solutions and is well tolerated in both species. Some of the newer solutions that cause even less tissue reaction may be used in sheep and goats but offer no particular advantage in these species.
Lignocaine is toxic at high doses and convulsions occur at around 6 mg/kg intravenously or 10 mg/kg intramuscularly. Convulsions are usually preceded by drowsiness and respiratory depression. The total dose given by local infiltration should be kept below 10 mg/kg. A 1 or 2 per cent solution is suitable for most adult sheep and goats.
Local infiltration can be used in sheep and goats as in other animals. The most useful regional blocks for these species are the cornual block, the L-block, the paravertebral, caudal epidural and intravenous regional anaesthesia of the limb.
Whenever local anaesthesia is employed strict asepsis must be maintained, particularly for epidural block. Caudalepidural. The shaded area is desensitised when Special considerations for lambs and kids a caudal epidural block is used. Strict asepsis is required.
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